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INDUCTOR STRUCTURE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a division of applicants’ earlier appli 
cation Ser. No. 11/278,550, ?led Apr. 4, 2006, Which is 
included herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an inductor, and more 

particularly, to an inductor structure made With integrated 
circuit technology. 

2. Description of the Prior Art 
An inductor is a passive electronic component that stores 

energy in the form of a magnetic ?eld, and an inductor tends 
to resist any change in the amount of current ?oWing through 
it. The inductor is usually used With capacitors in various 
Wireless communications applications for providing stable 
currents, sWitched phases, ?ltering and resonance. In its sim 
plest form, the inductor consists of a Wire loop or coil. The 
inductance is directly proportional to the number of turns, the 
thickness, the length, and the radius of the coil. The induc 
tance also depends on the type of material around Which the 
coil is Wound. In a semiconductor manufacturing process, at 
least tWo metal layers With speci?cally designed layout pat 
terns and a plurality of via plugs for connecting these tWo 
metal layers are used to form a Wire loop, thus fabricating an 
inductor onto an integrated circuit chip. Recently, for obtain 
ing an inductor With a smaller siZe, a three-dimensional 
inductor is produced to have an increased coil density. 

Please refer to FIG. 1 shoWing a conventional schematic 
diagram of tWo-level spiral inductor 10. For saving chip area, 
as shoWn in FIG. 1, the inductor 10 is designed as tWo layered 
coils. The inductor 10 has tWo ends P1 and P2 and spirally 
circles a point C starting at the outer end P1 from an outer ring 
to an inner ring for a desired number of loops, Which is then 
connected to another layer by a via plug, and spirals from an 
inner ring to an outer ring ?nally connecting to the end P2. It 
deserves to be mentioned that current ?oWing in the tWo 
layered coils is in the same direction Which increases the 
mutual inductance of the inductor 10, that is, the current ?oWs 
into the end P1 from the outer ring to the inner ring in a 
clockWise direction then connects to the second layer by the 
via plug, and similarly ?oWs clockWise from the inner ring to 
the outer ring to the end P2. 

Please refer to FIG. 2 shoWing a turn With essential com 
ponents in a three-dimensional inductor manufactured using 
a conventional semiconductor technology disclosed in US. 
Pat. No. 6,037,649. The three-dimensional inductor 20 is 
made on a substrate 21 and comprises an N-tum coil. Each 
turn comprises a ?rst-level metal line (M1) having a ?rst end 
and a second end, a second-level metal line (M2) having a ?rst 
part and a second part, and a third-level metal line (M3) 
having a ?rst end and a second end Which are isolated through 
the ?rst, the second, and the third isolating layers. The adja 
cent levels of metal lines may be connected through the via 
plugs (24 and 27) in the isolating layers. The integral coil of 
the three-dimensional inductor is accomplished and extends 
along the direction of the magnetic ?eld of the three-dimen 
sion inductor by connecting the second-level metal line (M2) 
in the Nth turn With the third-level metal line (M3) in the 
(N+1)th turn coil. 
The inductor structures described above include only one 

inductor structure in the entire structure space. Therefore, the 
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2 
research and development to improve the integration level for 
an inductor structure is still needed. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a three 
dimensional inductor structure in Which three independent 
inductors are integrated into a same space to achieve an excel 
lent integration level. 

Another object of the present invention is to provide an 
inductor structure in Which tWo independent inductors are 
integrated into a same space to achieve an excellent integra 
tion level. 
The three-dimensional inductor structure according to the 

present invention comprises a substrate; a plurality of insula 
tion layers on the substrate; a ?rst spiral conductive coil 
disposed in the insulation layer to form an inductor generat 
ing a magnetic ?eld in a ?rst direction; a second spiral con 
ductive coil disposed in the insulation layer to form an induc 
tor generating a magnetic ?eld in a second direction; and a 
third spiral conductive coil disposed in the insulation layer to 
form an inductor generating a magnetic ?eld in a third direc 
tion. 
The inductor structure according to the present invention 

comprises a substrate; a plurality of insulation layers on the 
substrate; a ?rst spiral conductive coil disposed in the insu 
lation layer to form an inductor generating a magnetic ?eld in 
a ?rst direction; and a second spiral conductive coil disposed 
in the insulation layer to form an inductor generating a mag 
netic ?eld in a second direction, Wherein the ?rst direction 
and the second direction are not parallel. 

In the inductor structure according to the present invention, 
tWo, three, or more coils are disposed respectively in a same 
space in different directions to give the inductor structure a 
relatively high integration level. Therefore, only a relatively 
small space is needed to obtain a desired inductance. 

These and other objectives of the present invention Will no 
doubt become obvious to those of ordinary skill in the art after 
reading the folloWing detailed description of the preferred 
embodiment that is illustrated in the various ?gures and draW 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a schematic diagram of a conventional tWo 
level spiral inductor. 

FIG. 2 shoWs a schematic diagram of a turn With necessary 
components in a conventional three-dimensional inductor 
coil. 

FIGS. 3 to 5 shoW respectively a schematic diagram of one 
of three coils in a three-dimensional inductor structure of an 
embodiment according to the present invention. 

FIG. 6 shoWs a schematic diagram of a three-dimensional 
inductor structure of an embodiment according to the present 
invention. 

FIGS. 7 to 15 shoW schematic diagrams of inductor struc 
tures of some embodiments according to the present inven 
tion. 

DETAILED DESCRIPTION 

The three-dimensional inductor structure according to the 
present invention comprises three coils disposed in a plurality 
of insulation layers in a 3-D space. Each coil comprises a 
plurality of turns in a spiral type to form an inductor having a 
magnetic ?eld With a direction. The three coils can be placed 
such that the conductive lines are in crossover positions. 
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Alternatively, the three coils can be disposed in the three 
separated parts of the space. Please refer to FIGS. 3 to 5 
showing an embodiment of the three-dimensional inductor 
structure according to the present invention. Only one coil is 
shoWn in the drawing for a purpose of illustration. Three coils 
are substantially constructed on a substrate in a same space. 

Refer to FIG. 3 shoWing a coil of the three-dimensional 
inductor structure according to the present invention. The coil 
is a ?rst spiral conductive coil 30 disposed in, for example, 
nine insulation layers. The ?rst spiral conductive coil 30 
comprises a plurality of turns, and each turn comprises four 
conductive sections. The ?rst conductive section 32 is dis 
posed on the ninth layer, being the top layer, of the nine 
insulation layers. The second conductive section 34 is dis 
posed in the ?rst layer, being the bottom layer, of the nine 
insulation layers. The tWo conductive sections 32 and 34 are 
electrically connected through the third conductive section 
36. The third conductive section 36 is formed by connecting 
a via plug in each insulation layer betWeen the ?rst and the 
ninth insulation layers. The third conductive section 36 con 
nects the ?rst end 33 of the ?rst conductive section 32 and a 
?rst end 35 of the second conductive section 34. The fourth 
conductive section 38 is formed by connecting another via 
plug in each insulation layer betWeen the ?rst and the ninth 
insulation layers. The fourth conductive section 38 connects 
the second end 37 of the second conductive section 34 and the 
second end 39 of the ?rst conductive section 32 of an adjacent 
another turn. A turn is thus formed in such a Way, and the same 
turn structure is duplicated to form a number of turns in the 
insulation layers to obtain a spiral coil disposed in the nine 
insulation layers. When an electric current ?oWs through the 
coil, an induced magnetic ?eld occurs in the direction of x 
coordinate. 

Refer to FIG. 4 shoWing another coil of the three-dimen 
sional inductor structure according to the present invention. 
The coil is a second spiral conductive coil 40 disposed in, for 
example, seven insulation layers in the middle part of the nine 
insulation layers mentioned above, that is, the second to the 
eighth layers. The ?rst spiral conductive coil 40 comprises a 
plurality of turns, and each turn comprises four conductive 
sections. The ?fth conductive section 42 is disposed in the 
eighth layer of the nine insulation layers. The sixth conduc 
tive section 44 is disposed in the second layer of the nine 
insulation layers. The tWo conductive sections 42 and 44 are 
electrically connected through the seventh conductive section 
46. The seventh conductive section 46 is formed by connect 
ing a via plug in each insulation layer betWeen the second and 
the eighth insulation layers, to connect the ?rst end 43 of the 
?fth conductive section 42 and a ?rst end 45 of the six con 
ductive section 44. The eighth conductive section 48 is 
formed by connecting another via plug in each insulation 
layer betWeen the second and the eighth insulation layers to 
connect the second end 47 of the sixth conductive section 44 
and the second end 49 of the ?fth conductive section 42 of an 
adjacent another turn. A turn is thus formed in such a Way, and 
the same turn structure is duplicated to form a number of turns 
in the insulation layers to obtain a spiral coil disposed in the 
seven insulation layers. When an electric current ?oWs 
through the coil, an induced magnetic ?eld occurs in the 
direction of y coordinate. In such structure, some conductive 
sections of the second spiral conductive coil 40 and some 
conductive sections of the ?rst spiral conductive coil use same 
insulation layers but are crossover each other since the con 
ductive sections are located in different parts of the same 
insulation layers. 

Refer to FIG. 5 shoWing still another coil of the three 
dimensional inductor structure according to the present 
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4 
invention. The coil is a third spiral conductive coil 50 dis 
posed in, for example, ?ve insulation layers in the middle part 
of the nine insulation layers mentioned above, that is, the third 
to the seven layers. The ?rst spiral conductive coil 50 com 
prises a plurality of turns. One turn 52 or a plurality of turns 
in a ?at spiral type are disposed in one of the insulation layers. 
The turns in the adjacent insulation layers connect to each 
other through a via plug 56 in the insulation layer. A turn is 
thus formed in such a Way, and the same turn structure is 
duplicated to form a number of turns in the insulation layers 
to obtain a spiral coil disposed in the ?ve insulation layers of 
the nine insulation layers. When an electric current ?oWs 
through the coil, an induced magnetic ?eld occurs in the 
direction of Z coordinate. In such structure, some conductive 
sections of the third spiral conductive coil 50 and some con 
ductive sections of the ?rst or the second spiral conductive 
coil use same insulation layers but are crossover each other 
since the conductive sections are located in different parts of 
the same insulation layers. 

The three-dimensional inductor structure obtained as 
described above may be shoWn as the schematic diagram in 
FIG. 6. The coils 60, 62, and 64 are disposed in a same 3-D 
space and cross over to each other. The arroWs shoW some 
examples of How direction for electric current in FIG. 6. 
When tWo inductors are formed from coils each having a 
magnetic ?eld With a direction perpendicular to each other, 
interference Will not occur betWeen the tWo inductors. The 
three-dimensional inductor structure according to the present 
invention may have many embodiments. For example, the 
coil 60 may be disposed in the ?rst layer to the ninth layer of 
the insulation layer, and the coil 62 may be disposed in the 
second layer to the eighth layer of the insulation layers. One 
or more insulation layers may be further formed betWeen the 
?rst layer and the second layer or betWeen the ninth layer and 
the eighth layer. Alternatively, the coil 62 may be disposed in 
the ?rst layer to the ninth layer of the insulation layer, and the 
coil 60 may be disposed in the second layer to the eighth layer 
of the insulation layers. One or more insulation layers may be 
further formed betWeen the ?rst layer and the second layer or 
betWeen the ninth layer and the eighth layer. The coil 64 may 
be disposed in the third layer to the seventh layer of the 
insulation layers. The coil 64 may be disposed in more or less 
than ?ve insulation layers, even only in one layer, and thus the 
entire structure may only have ?ve layers. When the coil 64 is 
disposed in only one insulation layer, it may be formed in a 
?at spiral shape. Alternatively, the coil 64 is disposed in more 
than ?ve insulation layers and the entire structure has more 
than nine insulation layers. Alternatively, tWo adjacent turns 
of the coil 64 may have an interval With several insulation 
layers, and the coils 60 and 62 are disposed in the several 
insulation layers. Therefore, the three-dimensional inductor 
structure according to the present invention may have a struc 
ture of only ?ve or more insulation layers Without limit, 
depending on desired designs. 

Alternatively, in another aspect according to the present 
invention, the inductor structure may comprise tWo coils hav 
ing structures as tWo of the coils 60, 62, and 64, for example, 
coils 60 and 62, coils 60 and 64, or coils 60 and 64, occupying 
a same space. The current directions of the coils may be in a 
variety of combinations. 

The spiral coils described above are disposed in a same 
space, together using the insulation layers and crossing over 
to each other. The coils may be also disposed in different parts 
of the 3D-space, that is, the three coils do not occupy the 
insulation layers in common, as shoWn in FIG. 7 shoWing a 
schematic diagram of another embodiment of the three-di 
mensional inductor structure according to the present inven 
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tion. The coil 70 is disposed in the ?rst part of the insulation 
layers as described for the ?rst spiral conductive coil 30, 
provided that the coil 70 is singly disposed in this part of the 
nine insulation layers. When an electric current ?oWs through 
the coil, an induced magnetic ?eld occurs in the direction of 
x coordinate. The coil 72 is disposed in the second part of the 
insulation layers as described for the second spiral conductive 
coil 40, provided that the coil 72 is singly disposed in this part 
of the nine insulation layers. When an electric current ?oWs 
through the coil, an induced magnetic ?eld occurs in the 
direction of y coordinate. The coil 74 is disposed in the third 
part of the insulation layers as described for the third spiral 
conductive coil 50, provided that the coil 74 is singly disposed 
in this part of the nine insulation layers. When an electric 
current ?oWs through the coil, an induced magnetic ?eld 
occurs in the direction of Z coordinate. The relative positions 
and the current directions for the coils 70, 72, and 74 in the 
three-dimensional inductor structure according to the present 
invention, as shoWn in FIG. 7, may have other combinations, 
such as, the coil 70 betWeen the coil 72 and the coil 74, the coil 
74 betWeen the coil 70 and the coil 72, and the like. Alterna 
tively, as shoWn in FIG. 11, the coils 70, 72, and 74 may be in 
a vertical arrangement in the insulation layers. The relative 
positions and current directions may be in other combina 
tions, for example, the coil 70 betWeen the coil 72 and the coil 
74, the coil 74 betWeen the coil 70 and the coil 72, and the like. 

The three-dimensional inductor structure according to the 
present invention disposed in one space may comprise one 
coil separately disposed in one part of the space and another 
tWo coils disposed together and crossing over to each other in 
another part of the space. For example, a ?rst coil and a 
second coil together use a part of the nine insulation layers, 
and a third coil singly uses the rest of the nine insulation 
layers. Alternatively, a ?rst coil and a third coil together use a 
part of the nine insulation layers, and the other coil singly uses 
the rest of the nine insulation layers. As shoWn in FIG. 15, the 
coils 70 and 72 togetheruse a part of the insulation layers, and 
the coil 74 uses another part of the insulation layers. 

Alternatively, in another aspect according to the present 
invention, the inductor structure may comprise tWo coils hav 
ing structures as tWo of the coils 70, 72, and 74, for example, 
the coils 70 and 72, the coils 72 and 74, or the coils 70 and 74, 
occupying different parts of the insulation layers. The current 
directions of the coils may be in a variety of combinations, 
and the directions of the magnetic ?elds produced from the 
tWo coils are not parallel from each other. FIGS. 8 to 10 each 
shoW the inductor structure comprising the coils 70 and 72, 
the coils 72 and 74, and the coils 70 and 74, respectively, in a 
lateral arrangement in the insulation layers. FIGS. 12 to 14 
each shoW the inductor structure comprising the coils 74 and 
72, the coils 72 and 70, and the coils 74 and 70, respectively, 
in a vertical arrangement, occupying different insulation lay 
ers. 

The three-dimensional inductor structure according to the 
present invention may be disposed on the substrate, such as a 
semiconductor substrate or silicon substrate, and manufac 
tured by semiconductor manufacturing processes, such as 
deposition, etching, chemically mechanical planariZation, 
copper damascene, and metal via plug process. The insulation 
layer may comprise electrically insulation material, such as 
silicon dioxide (SiO2), silicon nitride (Si3N4), phosphosili 
cate glass (PSG), or borophosphosilicate glass (BPSG). The 
conductive sections and via plugs may comprise electrically 
conductive material, such as metal. The metal may be for 
example copper or copper-aluminum alloy. The shape of each 
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6 
coil including conductive sections and via plugs and the posi 
tions for via plug connection are not specially limited and can 
be designed as desired. 

Those skilled in the art Will readily observe that numerous 
modi?cations and alterations of the device and method may 
be made While retaining the teachings of the invention. 
Accordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended claims. 

What is claimed is: 
1. An inductor structure, comprising: 
a substrate; 
a plurality of insulation layers on the substrate; 
a ?rst spiral conductive coil disposed in the insulation 

layers to form an inductor generating a magnetic ?eld in 
a ?rst direction; and 

a second spiral conductive coil disposed in the insulation 
layers to form an inductor generating a magnetic ?eld in 
a second direction; 

Wherein the ?rst direction and the second direction are not 
parallel to each other, and a conductive section of the 
?rst spiral conductive coil and a conductive section of 
the second spiral conductive coil are disposed in a same 
one of the insulation layers and cross over to each other. 

2. The inductor structure as claimed in claim, Wherein the 
?rst spiral conductive coil has a plurality of ?rst turns and 
each of the ?rst turns comprises: 

a ?rst conductive section in a ?rst insulation layer of the 
insulation layers; 

a second conductive section in a second insulation layer of 
the insulation layers; 

a third conductive section comprising a ?rst group of via 
plugs formed in the insulation layers to connect a ?rst 
end of the ?rst conductive section and a ?rst end of the 
second conductive section; and 

a fourth conductive section comprising a second group of 
via plugs formed in the insulation layers to connect a 
second end of the second conductive section and a sec 
ond end of the ?rst conductive section of an adjacent 
another ?rst turn. 

3. The inductor structure as claimed in claim 2, Wherein the 
second spiral conductive coil has a plurality of second turns 
and each of the second turns comprises: 

a ?fth conductive section in a third insulation layer under 
the ?rst insulation layer; 

a sixth conductive section in a fourth insulation layer above 
the second insulation layer; 

a seventh conductive section comprising a third group of 
via plugs formed in the insulation layers to connect a ?rst 
end of the ?fth conductive section and a ?rst end of the 
sixth conductive section; and 

an eighth conductive section comprising a fourth group of 
via plugs formed in the insulation layers to connect a 
second end of the sixth conductive section and a second 
end of the ?fth conductive section of an adjacent another 
second turn. 

4. The inductor structure as claimed in claim 2, Wherein the 
second spiral conductive coil has a plurality of third turns 
each disposed in an insulation layer, respectively, under the 
?rst insulation layer and above the second insulation layer, 
and tWo adjacent third turns connect each other through a via 
plug in the insulation layer. 

5. The inductor structure as claimed in claim 3, further 
comprising a third spiral conductive coil having a plurality of 
fourth turns each disposed in one of the insulation layers, 
respectively, beside, under, or above the ?rst spiral conduc 
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tive coil and the second spiral conductive coil, and tWo adja 
cent fourth turns connecting each other through a via plug in 
the insulation layer. 

6. The inductor structure as claimed in claim 4, further 
comprising a third spiral conductive coil disposed in the insu 
lation layers beside, under, or above the ?rst spiral conductive 
coil and the second spiral conductive coil, Wherein the third 
spiral conductive coil has a plurality of ?fth turns and each of 
the ?fth turns comprises: 

a ?fth conductive section in a third insulation layer being 
one of the insulation layers, either the third insulation 
layer being the ?rst insulation layer or being not the ?rst 
insulation layer; 

a sixth conductive section in a fourth insulation layer being 
another of the insulation layers, either the fourth insula 
tion layer being the second insulation layer or being not 
the second insulation layer; 

a seventh conductive section comprising a third group of 
via plugs formed in the third insulation layer, the fourth 

8 
insulation layer, and the insulation layers therebetWeen 
to connect a ?rst end of the ?fth conductive section and 
a ?rst end of the sixth conductive section; and 

an eighth conductive section comprising a fourth group of 
via plugs formed in the third insulation layer, the fourth 
insulation layer, and the insulation layers therebetWeen 
to connect a second end of the sixth conductive section 
and a second end of the ?fth conductive section of an 
adjacent another second turn. 

7. The inductor structure as claimed in claim 1, Wherein the 
?rst direction is perpendicular to the second direction. 

8. The inductor structure as claimed in claim 1, further 
comprising a third spiral conductive coil disposed in the insu 
lation layers to form an inductor generating a magnetic ?eld 
in a third direction, Wherein the third spiral conductive coil is 
disposed in the insulation layers beside, under, or above the 
?rst spiral conductive coil and the second spiral conductive 
coil. 


